Representatives of the flavivirus group may cause infections in humans with significant morbidity and mortality. Three main clinical syndromes can be recognized: (i) an acute encephalitis, e.g. St. Louis encephalitis, Japanese B encephalitis or Murray Valley encephalitis; (ii) fever, arthralgia and rash, e.g. West Nile fever or dengue; and (iii) a haemorrhagic fever, e.g. yellow fever or dengue haemorrhagic fever and shock syndrome (Sanford, 1983) . In dengue haemorrhagic shock syndrome, the presence of antibodies to one serotype of dengue virus is thought to mediate significant immunopathology when secondary infection with another serotype of dengue virus occurs (Halstead, t982) . However, the role, if any, of T cells in dengue haemorrhagic shock syndrome is not known.
The importance of T cells in recovery from acute viral infections such as ectromelia (Blanden, 1974) and influenza (Aoa et al., 1981 ; Lin & Askonas, 1981) has been well established. Acute and persistent lymphocytic choriomeningitis virus (LCMV) infection can also be cleared by T cells (Mims & Blanden, 1972; Oldstone et al., 1986) even from the substance of the brain, without direct vascular access (Oldstone et al., 1986) . However, in some circumstances, T cellmediated immune mechanisms may be detrimental to LCMV-infected mice. Cole et al., (1972) and Zinkernagel & Doherty (1973) have provided evidence that T cell-mediated injury of the brain in an acute infection with LCMV encephalitis is central to the immunopathological process.
In contrast, relatively little is known about the role of cell-mediated immunity (CMI) either in a protective or an immunopathological role in flavivirus infections, although antibody responses have been studied in great detail (De Madrid & Porterfield, 1974) . There are reports on the ability of flaviviruses to induce T cell-mediated delayed-type hypersensitivity (Pang et al., 1982;  0000-7562 © 1987 SGM Allan & Doherty, 1986) and cytotoxic T (Tc) cells (Sheets et al., 1979; Gajdosova et al., 1981) . However, little has been done to characterize the conditions necessary to generate and assay flavivirus-immune Tc cells so that the response and its functions can be investigated in detail.
In this report the conditions necessary to generate in vivo and to assay a primary flavivirusimmune Tc cell population are described and we characterize the cell responsible for the lytic activity.
West Nile virus (WNV), Sarafend strain, was grown in suckling mouse brains, stored and titrated as described by Taylor & Marshall (1975) . Mice were immunized with an intravenous (i.v.) injection of 106 p.f.u, of WNV, diluted in 200 gl of gelatine saline (pH 7.2, 0.5~ gelatine in borate-buffered Ca/Mg saline) at 4 °C unless otherwise stated. Five days later, the spleens were collected in EMEM (Eagle's minimum essential medium; Gibco cat. no. 410-1500; supplemented with 5 ~ foetal calf serum, 200 gg/ml streptomycin, 200 U/ml penicillin G and 125 gg/ml neomycin sulphate) and teased apart to produce a single cell suspension. Viable cells were then counted using trypan blue exclusion and cell concentrations adjusted as required in EMEM. These cells were then used directly in cytotoxic assays as follows. Ninety-six-well fiatbottomed microtitre plates (Nunc) were seeded with 2 x 104 L929 target cells per well in 100 gl of EMEM. Plates were left for 6 h at 37 °C and 5~ CO2 to allow the cells to adhere. Each well was then drained and the cells were infected for 1 h at 37 °C with 25 gl per well of virus dilution in EMEM to give the m.o.i, required, usually 100 p.f.u, per cell. Three ~tCi of Na2[SlCr]O4 (Amersham) in 100 gl EMEM per well was then added for 16 h at 37 °C and 5 ~ CO2. After this, the medium was flicked off and the cells were washed twice with EMEM at 37 °C. The WNVimmune spleen cells were incubated with the target cells for 6 h at 37 °C in a humidified atmosphere containing 5 ~ CO_, in air. Triplicate cultures were set up for each dilution of WNVimmune effector cells at the required effector to target cell ratios.
The release of 51Cr from the targets was measured in a Packard Auto-Gamma counter and lysis calculated using the following formula: ~ lysis of infected or uninfected targets = [(SlCr c.p.m, in the presence of effectors -s 1Cr c.p.m, released in medium)/(51Cr c.p.m, water-lysed targets -SICr c.p.m, released in medium)] x 100.
Data given are means of triplicates. Standard errors of the means were always less than 5 ~. Significance was determined by Student's t-test and P values of <0.05 were considered significant.
The experimental protocol was a modification of the method for Banzi virus cytotoxicity reported by Sheets et al. (1979) . Initial experiments were designed to determine the optimal target cell type and m.o.i, per target. Only L929 cells (H-2k), infected with WNV at a m.o.i, of 100 for 16 h, gave adequate lysis when primary WNV-immune spleen cells from CBA/H (H-2 k) mice were used. CBA/H resident or thioglycollate-activated peritoneal macrophages (Mullbacher et al., 1986) or mouse embryo fibroblasts (Sinickas et al., 1985a) proved unsatisfactory as targets for CBA/H primary WNV-immune spleen cells but these targets could detect lysis caused by more potent secondary Tc cell populations (A. M. Kesson et al., unpublished data). King et al. (1986) have shown that the cross-sectional area of the target cell and the H-2 antigen concentration on the cell surface membrane to be determinants of target susceptibility to Tc cells. Thus, in a WNV cytotoxic assay, L929 cells may be superior targets because they are larger and/or express more viral H-2 complexes than the other infected target cell types tested under the conditions used here. All the experiments reported below used L929 targets infected at a m.o.i, of 100.
The cytotoxic activity against WNV-infected target cells was first detected 4 days after immunization with WNV, high activity was present on days 5 and 6 and the activity declined rapidly after day 7 (Table 1) . Little significant lysis of uninfected L929 cells was observed. Detectable cytotoxic activity required immunizing doses of WNV /> 10 3 p.f.u.; however, maximal activity was obtained when immunizing doses ~> 106 p.f.u, were used. Furthermore, primary WNV-immune spleen cells were virus-specific with respect to WNV-infected and influenza A/WSN virus-infected L929 target cells (data not shown).
Significant lysis of WNV-infected L929 (H-2 k) cells above lysis of uninfected, control L929 cells was mediated by WNV-immune spleen cells from CBA/H (H-2k), which share all the H-2 (Table 2 , experiment 1). These data suggest that the primary anti-WNV cytotoxic response is H-2-restricted and that with respect to the H-2 k haplotype the response is associated with the K region./region sharing is not necessary since L929 cells do not express I region gene products (Lechler et al., 1985) . The BALB/c and C3H. OH effector population could not be tested for H-2d-restricted cytotoxic activity as no suitable targets were available. Since the lysis by B10.A (K k D d) immune cells was lower than that caused by CBA (K k D k) in experiment 1, a second experiment was performed to determine if a similar difference occurred between B10. Br and B10. A which share the B10 background. No difference was seen (Table 2 , experiment 2) thus confirming that K k rather than D k is the main restriction antigen for primary anti-WNV cytotoxicity against infected L929 target cells and indicating that D a does not adversely affect the strength of the K k response. Thus the differences between CBA/H and B10. A could be due to non-H-2 genes as is the case for alphaviruses. (Mullbacher et aL, 1983) . More extensive comparison of various H-2 k strains with different backgrounds is needed to investigate this possibility. 
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